Section of Neurology President-MACDONALD CRITCHLEY, M.D., F. R.C.P. [March 5, 1953] DISCUSSION ON THE DIFFERENTIAL DIAGNOSIS OF LESIONS OF THE POSTERIOR FOSSA Prefessor Sir Geoffrey Jefferson: The prediction of the probable nature of the posterior fossa lesion is one of practical importance for the surgeon since he varies his approach to meet the individual kind of lesion. Diagnostic speculation on probability has therefore a special cogency. Often enough the histological type is known with certainty, as in the case of most, if not quite all, of the cerebello-pontine angle lesions, of the ependymomas when the origin of the tumour from the floor of the fourth ventricle has been made clear by air or Myodil ventriculograms-or again in the case of some of the angiomas which may have been clearly depicted by vertebral angiography and, lastly, when evidence of malignancy elsewhere is to hand. But after deduction of such cases it is plain from the figures of the totals of my series that this still leaves the major proportion of posterior fossa tumours to be distinguished from one another. We should be greatly helped if we could point to certain leading characteristics proper to cerebellar lesions of different histological structures and gross form. To some extent we can do this though not always with certainty; not, be it said at once, with such confidence as to be able to formulate a syndrome for each tumour type. The generalization could indeed be made that it is more difficult to be as sure of the nature of a tumour in the posterior fossa than it is with the generality of hemispheral lesions.
It cannot be assumed that there is no problem at all in knowing whether a patient with clear evidence of tumour has a lesion above or below the tentorium. The old neurological dilemma, difficulty in discriminating between an ataxia and uncertainty of gait and limb movement of cerebral origin, or on the contrary of cerebellar, will be with us always. But this problem is no longer as serious in its possible conseauences for the patient as it used to be. The uses of ventriculography and angiography in distinguishing between the sites of the lesions are well known; fractional ventriculography with Myodil has a special virtue in this respect. Furthermore, electro-encephalography is a great help since the cerebellar lesion is often characterized by rhythmical but quite symmetrical outbursts of frontal activity, a feature very uncommon when one or other frontal lobe is the primary seat of the lesion. A potent cause of uncertainty in my experience has shown itself when a tumour has not only involved the cerebellum but has crept down the restiform body into the posterior columnar nuclei, combining a sensory disturbance with cerebellar signs. In one such case a negative exploration of the parietal lobe was made before the real cause was discovered. It was a cerebellar hemangioma with the distribution mentioned. There have been four or five similar clinical cases as a reminder that cerebellar lesions can and often do invade the peduncles (Thiebaut, 1948) . Mistakes of one kind or another have led to wrong localization in only 5 of 635 cases, but there would have been more had it not been for the ancillary methods of diagnosis used. Table I is an analysis of the 635 histologically verified cases of the Manchester series to the end of 1951. Astrocytomas all the glomas in the fifth decade. In fact during the fifth decade and above, the acoustic neuroma has become truly dominant. The age incidence of the tumours has been figured in the accompanying histogram ( Fig. 1 ) from which the shapes of the curves of age incidence can be clearly seen. They are not to be interpreted as meaning that the different types cannot occur at other ages. For example, there does not happen to be a medulloblastoma over 39, and although Cushing's (1930) oldest patient was 38, Spitz et al. (1947) The secondary carcinomas have not been included in this diagram. They would have shown, as one would expect, a rising incidence with age; most of the subjects were over 40 although secondary deposits occasionally occur in the very young. However, a man or woman in the fourth decade is still twice as likely to have a glioma as a secondary, in the fifth decade the odds are more evenly balanced. In the sixth decade if the patient does not have an acoustic neuroma he is very likely to have a carcinomatous cerebellar deposit though he could just possibly have a hamangioma. The meningiomas, difficult tumours to diagnose except in the cerebello-pontine angle, are other possibles at any age above 20. Mr. Richard' Johnson will comment on the Manchester examples of this tumour.
Frequency and Age Incidence of Posterior Fossa Tumours
As is well known, the commonest tumours of youth, especially extreme youth, are the astrocytomas and medulloblastomas. In the first six years of life these were the dominant lesions in my series without a significant preponderance of one over the other (astrocytomas 25, medullobastomas 20). If the child is a male he is more likely to have a medulloblastoma. Up to and including age 15, 45 of my cases were males and 17 females, which agrees roughly with Cushing's proportion of 3 to 1. But Swan (1944) found that of 168 medulloblastomas collected from the literature 101 were in males and 54 in females, a 2 to 1 distribution. In the 56 cases of Ingraham, Bailey and Barker (1948) the incidence was about even between the sexes.
After this age and especially after ten years there is a slightly greater chance of the tumour being an astrocytoma because overall it is the commoner of the two tumours in the proportion of 3 to 2. Both types show a steep fall after the age of 20 but both may occur at any age. Spitz, Shenkin and Grant'(1947) drew attention to the occurrence of medulloblastomas in the older age groups, pointing out that they then were likely to be tumours of the cerebellar lobes rather than of the vermis, their common site in infancy. My experience supports theirs. Furthermore, Ingraham, Bailey and Barker (1948) demonstrated`that even in youth medulloblastomas arise in the cerebellar hemispheres (5 of 56 cases) or in the pons or cerebello-pontine angle (10 of 56 cases). A pontine tumour in a child instead of being the tuberculoma that it so often seemed to be fifty years ago may very well be a medulloblastoma. I have seen several but they were rarely verified since the patients were clearly inoperable and died at home. These conclusions about the age incidence of posterior fossa lesions is important because, in reaching a diagnosis, due -weight must be given to age in conjunction with the history and clinical signs. In this respect an analysis of a large series like this has its value. When my experience was smaller I could not have been so sure of the dominance of the acoustic neuromas, for example, or of the wide and rather even age spread of the angioblastomas. The preponderance of the acoustic neuromas was plain from Cushing's cases (1932) but he might have had an undue proportion of them just as he had of pituitary adenomas. He had on the contrary no more than some 31 angioblastomas. Olivecrona (1952) , on the other hand, had 70 and again his 349 acoustic neuromas dominate the posterior fossa lesion. Hesitation in agreeing about the position of the VIII nerve tumours in the scale of incidence comes from the fact that the gliomas and angiomas together certainly outweigh the neuromas. We think of patients with cerebellar tumours as young people and naturally and properly think of them as glioma subjects.
We must now turn to the neurological differentiation of posterior fossa tumours.
Differentiation on Neurological Evidence
The classical signs of cerebellar decomposition of movement in man, described originally by Grainger Stewart and Gordon Holmes in 1904 and elaborated in greater and greater detail by Holmes subsequently in studies which culminated in his classical paper "The Cerebellum of Man" in 1939, are far from common if they are expected in textbook form. From signs alone it is indeed not always possible to be sure on which side a tumour lies unless it occupies a cerebellopontine angle. That was made clear by a preliminary survey of my cerebellar tumours by Schorstein in 1938. The reason is that most cerebellar gliomas are not in the lateral lobes but in or near the mid-line, hence are ambivalent. "Mid-line" is, to be sure, no better than a relative term as a description of a cerebellar tumour since close limitation to the vermis alone is practically impossible except for a very small tumour, so narrow is this structure. The medulloblastomas, which come closest to the strict anatomical description of vermis tumour, have commonly reached such dimensions by the time that they come under observation that they have invaded the lateral lobes to some extent and, not uncommonly, the insertion of the roof of the fourth ventricle into its floor. The mid-line astrocytomas start either in the vermis or in the medial third of a cerebellar lobe close by whence they grow equally into their proper lobe and into the vermis and indeed often across it into the opposite lobe, either as solid or cystic extension. Even the fourth ventricle ependymoblastomas which are certainly mid-line structures may proliferate into the lateral recess of that ventricle. Ependymal tissue very occasionally produces a cyst in the lateral cerebello-pontine angle (Jefferson and Hardman, 1938) though that is beside the present point. The commonest distribution of the cerebellar gliomas has been put in diagrammatic form in Fig. 2 . For reasons already given the figure is no more than an approximation. A tumour as seen at operation may be larger than it appears whilst, as for assessing its functional effect, if it is benign, it may compress and push aside cerebellar tissue without seriously impairing its activity.
This certainly is true of the astrocytomas and most of the angioblastomatous cysts of the neo-cerebellum. The key to the physiological problem set by the existence of decisive signs indicative of a lateral -S X lobe tumour demonstrable to everybody's ->\\ satisfaction and the discovery later of a mid-line tumour is to be found, I suggest, in the relation of the growth to the dentate nuclei and their outflows. These structures, the effective agents of the neocerebellum in particular, lie no more than 30% astrocytomas 2 cm. or so lateral to the roof of the 100% medulloblastomas fourth ventricle and nearer at some 100% ependymomas points. One or the other is easily within 90% medulloblastomas reach of a vermis tumour; when one is 70% astrocytomas damaged and the other spared unilateral 20% angiomas disturbances of movement will result.
FIG. 2.-Dentate nuclei in relation to mid-line tumours
The dentate outflows converging as they of cerebellum. do on the mid-line are especially vulnerable in high vermis tumours. Attention must be drawn to the fact that tumours do not notably invade or destroy the cerebellar cortex. In this respect they resemble the hemispheral gliomas, the chief effects of which are produced by disturbance of projection tracts and deep interneuronal connexions. In much the same way tumours cause cerebellar dysfunction by (a) interference with the dentate nuclei and perhaps even more generally by (b) compression or invasion of the cerebellar inputs and outputs through the peduncles. Neurologists have not hitherto paid sufficient attention to this fact, one that I shall return to again in relation to the acoustic neuroma; it is an important matter deserving further study.
Proceedings of the Royal ASociety of Medicine 26 Such factors make it very difficult to formulate a crisp picture of the difference between the signs produced by the four common groups of intrinsic tumour. From what has gone before and with reference to the histogram of age incidence (Fig. 1 ) and the diagram of sites of election (Fig. 2 ) it is clear that unilateral cerebellar signs are likely to be caused by an anatomically unilateral lesion much more often in persons over 20 than in the very young.
The vermis syndrome well, if briefly, described by Cushing (1930) but not named as such by him is characterized by unsteadiness in walking and as the tumour progresses withdrawal from anything but the most tentative of steps. Nystagmus was frequently absent or contestable. A thumbnail sketch of the cerebellar tumour in infancy would take this shape:
History six weeks to one year unexplained malaise, listlessness, fretfulness (often striking features), vomiting, headaches. Unsteadiness on feet one to five months. Cerebellar signs outspoken, more pronounced in the legs than in the arms and more evident still when the child stands, walks or turns. Cerebellar signs often more pronounced on one side though usually present in some degree on both. Reflex activity in the limbs normal, sometimes increased, or abolished in very ill high-pressure cases. Nystagmus may be absent but is present more often than absent. Head enlarged slightly, sutures spread on X-ray. Bulbo-spinal signs, shown by difficulty in starting micturition, dysphagia, indistinct speech and extensor plantar responses present rarely. These effects may be due to invasion of the medulla but are often caused by the prolongation of a tongue of tumour or a swollen cerebellar tonsil down to the second or even third cervical segment with the same effects as a high spinal tumour.
The history in the astrocytomas is sometimes longer, up to two years. Its length depends greatly on the degree of enlightenment of the child's medical attendant and on the speed of development of the lesion. Rapid cyst formation produces a very acute picture and a dangerous state especially in the angioblastomas requiring urgent surgery. The degree to which the fourth ventricle is dilated by many vermis tumours is remarkable. In its floor are the facial tubercles, anatomical features that suggest that the frequent presence of unilateral facial weakness and depressed corneal reflex may be due to unequal pressure on the ventricular floor. This is no more than a suggestion. On the other hand, it is quite certain that injuries to the facial tubercle produce a very interesting syndrome of palsy of the VI and VII nerves and paralysis of conjugate lateral movements of the eyes (as described by Jefferson and Johnson in a paper awaiting publication). Abducens weakness is more common, of course (unilateral 36, bilateral in another 13%), but is never an early sign and may be due sometimes to the pressure in the fourth ventricle though more often to extra-cerebral shifts and stresses.
It is a striking feature of the vermis tumour that disorganization of movement is more pronounced in the lower limbs and is more easily demonstrated by the patient walking than by testing him for dysmetria in bed. Until recently the study of cerebellar tumours has supported the original physiological observations of Flourens, Luciani and Sherrington that the cerebellum does not show any clear signs of discrete localization of limb, head or trunk control.
The revision of cortical localization in the cerebellum brought about by Snider and Stowell (1944), Adrian (1943) , Chang et al. (1947 ), Nulsen et al. (1949 indicates that sharply defined localization exists in the normal animal. In patients with cerebellar tumours there is every reason why functional disturbance should not be limited to one part of the body since tumours are too large in relation to the cerebellar mass. Yet I strongly suspect that more signs of localization are sometimes present than we realize. Thus a girl aged 14, an ardent hockey player, had first discovered her disability by frequent falling without dizziness on the playing field and an astrocytoma was found and removed high in the vermis extending to the lingula, i.e. it lay in the part more closely linked physiologically with the lower limbs and their inhibition. On the other hand head postures, tilts one way or another, are often adopted not because of cerebellar atonia but because tonsillar herniation makes a certain attitude more comfortable than any other. I am sure that they are more often due to disturbances of the labyrinthine components than to neo-cerebellar defects. In the main it can be said that destructive lesions of the vermis such as those caused by medulloblastomas cause more dilapidation of postural control than any other. But unhappily they are not clear physiological material since they are often made generally ill by the high compression of the brain-stem in the posterior fossa as well as by obstructive hydrocephalus.
Cerebrospinal fluid.-No sure conclusions can be drawn from the cerebrospinal fluid. Because of high pressure lumbar puncture is not often performed. After scrutiny of my records it is clear that only the hemangiomas tend to run to high albumin counts-3 grammes, 600 mg., 550 mg. %, and in one a yellow fluid. Recently 2 cases of subarachnoid haemorrhage have been found to be due to unsuspected cerebellar angiomas. Curiously the medulloblastomas, chemically active tumours it would have been thought, do not as a rule run much above normal. Nor for that matter do the average haemangiomas but a greatly raised level of albumin would suggest a tumour of that type or an acoustic neuroma (average between 200 and 300 mg. %,). The contents of cerebellar cysts contain about the same amount of albumin as the adventitious arachnoidal cysts covering some acoustic neuromas, i.e. from 1-5 to 6% in my series.
. (1937) and Dow Botterell and Fulton (1938) , and that leads at once to the interesting question of dizziness in patients with cerebellar tumours. Persistent enquiry -is usually needed to find out what a patient means by dizziness. It is a subject that cannot be discussed with young children. Frequently it is used as a popular synonym for ataxia in walking, other times it is a description of a feeling of "swimminess" or light-headedness when they rise, often they have to pause for a few moments and hold on before walking away after rising from sitting or lying. That kind is probably of labyrinthine origin but it is gone in a few seconds. Another cause of dizziness is diplopia well shown when a cerebellar patient gives up riding a bicycle because the rapid succession of double images makes him feel insecure. In differentiating the true from the false vertigos attention must be directed particularly to the difference between dizziness on movement which is mainly cerebellar and dizziness at rest or change of head posture, a truly labyrinthine affair. But I am aware that the two overlap in some degree. We have, I feel sure, been too reluctant to concede that dizziness can be a real consequence of pure cerebellar lesions (see C. P. Symonds, 1952, on this subject). There are a few cases in which real vertigo scarcely, if at all, different from a labyrinthine vertiginous crisis is caused by a localized glioma. The following is such a case, studied and operated upon in my Unit, where he chanced to be working, by E. H. Botterell of Toronto, and diagnosed as true vertigo of paleo-cerebellar origin.
Case J.-Severe vertiginous attacks. Discovery of a small ependymoma in region of flacculus and nodule. R. S., aged 32, No. 320/40, was admitted to the Manchester Royal Infirmary November 1940. Nine months previously he had had his first two attacks of vertigo "the floor came up and hit him and the ro-om went round all ways"; the duration of the attacks was a few minutes during which time he had to lie on the floor. After this the attacks came more and more often until they were daily events. There was no doubt that there was a real feeling of rotation of objects in the vertical plane forwards commencing abruptly and incapacitating him for movement until it died away in a few minutes leaving him badly upset. He thought that the attacks were induced by sudden increases in his headache and sometimes he vomited in them. Examination showed papillcedema, ocular movements full in range, rapid nystagmus on fixation only to the extreme right and left. Tone in the limbs was not affected. The patient had noticed a disturbance of equilibrium as he walked and turned. Botterell wrote of this patient's performance that "We were completely unable to demonstrate errors of rate, range, direction or force of voluntary movement to acoount for the ataxia of gait and posture. He walked reasonably well without deviating to either side but tottered slightly after two0 or three rapid turns. He is excessively readily displaced by a gentle push, particularly is this so backwards. The signs suggest a lesion in the nodulo-floccular apparatus, the vestibular component, of the cerebellum". A small well-defined tumour, 2-0 cm. in diameter, later proved to be an ependymoma (Dr. E. Pollak) was then removed from the extreme lower end of the vermis in the roof of the fourth ventricle where it almost oompletely obstructed the foramen of Magendie (see Fig. 3 , 1). The patient is well thirteen years later. The small size of this tumour makes this case one of considerable physiological importance.
FIG. 3.-Sites of gliomas in the patients with vertigo described in the text, Cases I to IX.
In a random selection of 100 tumours, excluding acoustic neuromas and posterior fossa meningiomas, there were 20 cases who named dizziness as an important complaint. 11 of these were excluded as coming under the categories already mentioned, but I am not as sure as I should like to be that I have been right in rejecting all the 11. One of the accepted cases has just been described. The other 8 with attacks suspiciously like labyrinthine crises were as follows: the sites of their lesions have been illustrated diagrammatically in Fig. 3 .
Case II.-D. C., aged 16. 11/43. A cystic astrocytoma in the right lobe of the cerebellum leading into the right tonsil. Highly compressed. For one year occasional sudden attacks of rotational dizziness, once frequent attacks for a period of five days. Was stone deaf in right ear but after operation the deafness disappeareed gradually.
Case III.-M. N., aged 17. 211/37. Hmmangiomatous cyst in the left lobe and tonsil, nodule at junction of tonsil and vermis, eight months' history. Attacks in which objects rotate to left. These might come when the patient was lying in bed and were an early feature. Hearing normal. Case IV.-T. B., aged 54. PPH/46. Secondary carcinoma in left lobe, sudden attacks of dizziness on moving her head, a violent whirl during which she dared not move.
Case V.-A. 'B., aged 12. 5/31. Medulloblastoma in lower vermis, three years' history of vertigo, headache and flushing. Had held head very still the last six months because movement precipitated dizziness and vomiting. He liked to be -held, because he felt as if he was falling or going far down in a fast lift. Not deaf. Vertiginous attacks worse again past six months, started very abruptly, held tight whilst they lasted, usually induced by movement such as turning over in bed.
Case VI.-J. H., aged 33. 162/33. Ependyimoblastoma arising in lower two-thirds of floor of fourth ventricle, dizziness seven months induced by sudden movements of head, falls to the ground because of it, quick reoovery. Frequent. Both labyrinths failed -to give reactions to caloric tests, slightly deaf in both ears. Vertigo was the first sign in this case of the tumour's presence. The explanation in this case was in all probability direct disturbance of the vestibular nuclei in the ventricle's floor laterally.
Case VII.-B. H., aged 46. 281/45. Left-sided hmmangiomatous cyst, sudden vertiginous attacks in which objects moved from left to right, frequent attacks of dizziness at rest.
Case VIII.-P. M., aged 43. 204/40. Astroblastoma right lobe and vermis. Two-year history of increasingly severe headache. Six weeks' history of dizziness coning in attacks in which he would stagger, duration a minute or two.
Case IX.-A. C., aged 52. 215376/51. Angiomatous cyst left lobe and tonsil; five months' history sudden attacks vertigo and headache, least effort brought on dizziness, vertigo on bending down, objects rotate rapidly and disconcertingly, brief duration, fall to left in the attacks. No deafness. Bilateral abducens palsy and left facial paresis.
It will be observed that in 7 out of these 9 cases the tonsil or lower vermis or ventricular floor was involved. One only was temporarily deaf in one ear from an unknown cause, one was slightly deaf in both ears but was reported by the otologists as having inactive labyrinths on both sides. The labyrinthine reactions of the remainder were not tested. It would be going too far to suggest that the examples reported above are proof positive that a patient with a tonsillar or low vermis lesion will necessarily have vertigo. I know that it is not so, for others with tumours in similar locations have not had sudden crises of imbalance. But one cannot be sure that in those that did have those attacks there was not some small difference in the amount of injury produced by the tumours to the flocculus or nodule, or their connexions with the vestibular nuclei. And it is the fact that, given a tumour high in the vermis or well away from the mid-line, vertigo occurred only in 1 of 100 cases (Case IV). That is a very different story from the acoustic neuromas of whom 40% had vertigo; a higher figure than I should have given some years ago.
The Acoustic Neuromas and Cerebello-pontine Lesions These would range from the acoustic neuroma to the meningioma, angioma, epidermoid, and aneurysm but I shall confine myself to the first.
The symptoms and clinical signs produced by the acoustic neuromas, characteristic also in large degree of other lesions in the cerebello-pontine angle, are amongst the best known of neurological syndromes. They are recapitulated now only to introduce brief comment; monaural deafness (complete or partial), headache, unsteadiness in gait, dead labyrinth, depression of the ipsilateral corneal reflex, ipsilateral cerebellar signs sometimes associated with enhancement of the contralateral limb reflexes, trigeminal hypo-aesthesia or pain, X-ray evidence of enlargement of the porus internus or posterior petrous erosion, rise in C.S.F. protein, usually above 100 and less than 300 mg.%. Ventriculography should demonstrate torsion of the ventricular floor (Twining, 1939) or a filling defect but it is not often needed.
The work of Hallpike and his collaborators has done much to make the diagnosis of these tumours easier. Otological testing at the present time plays a dominant role in the differentiation of such cerebellar patients as are in a fit state or of an age to allow of accurate observation (Dix and Hallpike, 1952) .
Unilateral deafness is the most famous of these signs and it is the one fundamental thing so frequently not recognized by the patients themselves as linked intimately with their complaints.
The troubles they experience are most often due to blockage of the C.S.F. pathways, to the tumour's indentation of the pons or cerebellum or to its pressure on neighbouring nerves.
Patients do not understand these mechanisms and no man unversed in intracranial physiology could explain their sequence. How could a sufferer know that the tinglings that he feels in his face are related to his painless deaf ear? How often, for that matter, do persons with paroxysmal vertigo attribute it of their own unprompted accord to the same cause as their defective hearing?-rather more often, I should answer, than the neuroma patient attributes his troubles correctly to their source. Thus it is that individuals whose troubles are due to acoustic neuromas nearly always present at first as cerebellar tumours or even as plain severe high-grade intracranial pressure patients. As for the signs enumerated, their incidence and their importance vary greatly, many may be lacking-even the deafness, as in my most recent case in which hearing was excellent on the affected side, twice as good as on the other which had been mildly infected. When it is present it is only mentioned by some 25% of the patients spontaneously, the symptom has to be asked for in the others and the occasional person has not realized that he is deaf or how deaf he is until tested. The symptoms in order of their onset as given by my subjects were headache, unsteadiness of the feet, vomiting, numbness of the face, vertiginous attacks, deafness. All of these patients (there are exceptions but they are rare) have nystagmus; it is fast to the opposite, coarse and sustained towards the same side when the tumour is of any size. This is unlike the cerebellar gliomas where nystagmus was absent in 20 of a 100 cases, and was classically coarse, sustained and awakened by deviations of not more than 45 degrees from the mid-point in only 30. It was most often present in destructive lesions of one lobe and in tumours of the lower vermis. Nystagmus is certainly more common in recess tumours than in those of intra-cerebellar origin. The deduction must be that the recess tumour is better situated to disturb labyrinthine, and in many ways, cerebellar function than its intrinsic fellow. This leads me to make the only other point that concerns me on this occasion (a full description of my acoustic neuroma series is to appear elsewhere in the future; the Queen Square cases were submitted to an admirable review by Edwards and Paterson, 1952) . The matter to which I want to draw attention is the anatomical relation of the acoustic neuroma to the cerebellum. Although the large cysts that some have behind them press the cerebellum aside, the tumours themselves have little to do with the cerebellar folia but are in intimate relation to the brain-stem and ponto-medullary junction. As they develop they seem to grow more and more upwards and medially to indent the middle cerebellar peduncle, the brachium pontis, and extend upwards to the side of the caudal end of the mid-brain and on to the front of the pons as far as the basilar artery. As a result there ensues compression of the middle cerebellar peduncle and it seems to me most probable that the cerebellar signs of acoustic neuroma are mainly due to interference with conduction in this structure. Such experimental evidence as there is (e.g. Botterell and Fulton, 1938) shows that gross cerebellar deficit foll-ows section of the middle peduncle but of all the cerebellar connexions it is the most difficult to divide cleanly. The deep indentation caused by a somewhat worse than average neuroma is shown in Fig. 4 . Those tumours which indent it less are those in which cerebelar signs are fewest. An extension of the tumour medially produces pressure on the pyramidal tract above its decussation and conCsequently enhancement of contralateral reflexes with in some 20-25% of cases alterations in the plantar -response. Thenffects on the labyrinthine nuclei need further consideration than I can give them. Trigeminal neuromas (7 cases) and lateral recess meningiomas often compress the FiG. 4 . Tede indeino the caudal mid-brain more and the middle peduncle only Fmiddlent cerebee indenucl tiae bo an a little less. They are more likely than the acoustics, macote inreuropedunmceasamed wa if there are no general pressure signs, to be mistaken for disseminated sclerosis. Conclusion
This review makes it plain that in the differential diagnosis of posterior fossa lesions we have to be guided by broad general principles derived from diverse sources. It has been shown that no tumour except the commonest of them all, the acoustic neuroma, is specific to one invariable site. For the rest., the neurologist has to draw his conclusions as best he can, being guided by statistical probability. Decomposition of movement occurs with any destructive lesion of the cerebellum and all the intrinsic tumours may behave in that respect in much the same way the medulloblastomas by frank invasion, the angioblastomas by bleeding, the astrocytomas by rapid cyst formation. The clinician will be right more often than he is wrong in his differential diagnosis. TWINING, E. W. (1939) Brit. J. Radiol., 12, 569.
Dr. J. Hamilton Paterson: I propose to confine my remarks to a brief consideration of some disorders involving the mid-brain, pons and medulla-in short, the brain-stem. Encephalitis The first condition, or rather group of conditions, I want to consider is that of encephalitis affecting the brain-stem in particular. The encephalitides are, of course, a hotchpotch of miscellaneous states which have a diverse aetiology and are acute or subacute in onset. Perhaps the term encephalopathy is more appropriate, as in only a few instances is the condition known to be caused by an infective agent, but encephalitis is a more euphonious term and its use has been hallowed by time. Usually when we make the diagnosis we are hardly able to qualify it in any useful way, so little would be gained by attempting any comprehensive clinical classification; suffice it to mention two types.
(1) Though the condition is now very rare, sporadic examples of an acute and apparently infective encephalitis which more or less closely resembles the classical picture of acute encephalitis lethargica are seen from time to time. Last year Barrett, Gairdner and McFarlan (1952) described a small outbreak in 8 children, 2 of whom died. The conspicuous clinical features were somnolence, extrapyramidal rigidity and tremor, with -the addition of some pyramidal signs, but cranial nerve palsies of the kind which were frequently seen in Von Economo's encephalitis were only encountered in one child. The histological appearances were more akin to poliomyelitis than to the former condition, although their clinical state bore little resemblance to polio. After comparing their cases with other known forms of acute epidemic encephalitis of virus origin, they concluded that this outbreak was either one of poliomyelitis with mos-t unusual features, or was due to some hitherto undescribed type of encephalitis (2) Two years ago, Bickerstaff and Cloake published three interesting examples of what they termed mesencephalitis and rhombencephalitis. Their patients showed drowsiness, oculomotor palsies, facial palsy and ataxia. Two had total bulbar paralysis in addition. The clinical course was that of gradual progression in a few weeks to an almost moribund state, although subsequently improvement was rapid and eventually a complete recovery was made. I have seen a very similar case. The picture is not that of any of the known encephalitides due to virus infection, nor is it like the acute disseminated encephalomyelitides which follow one of the common exanthematous fevers. One might be tempted to regard it as being an unusual form of disseminated sclerosis were it not that, as Bickerstaff and Cloake (1951) point out, the absence of pyramidal tract involvement and the predominance of lower motor neurone palsies make this diagnosis a somewhat unlikely one.
In regard to the differential diagnosis of brain-stem encephalitis when, as not infrequently happens, it presents with fever and neck stiffness, it will, of course, be essential to exclude tuberculous meningitis and other pyogenic infections, although it is rare for the latter to s-how anything much in the way of brain-stem signs at an early stage. To this end a careful examination of -the cerebrospinal fluid is of prime importance. Papitlkedema is rare, but when it is present ventriculographic studies may be required to help exclude a lesion obstructing the cerebrospinal fluid pathways. Wernicke's encephalopathy should also be -considered in view of the prominence of ocular palsies and nystagmus in this acute disorder. Apart from the fact rthat the cerebrospinal fluid, unlike that in most cases of acute encephalitis, is normal, a therapeutic trial of thiamine, given parenterally in large amounts, would probably soon settle the issue in cases of doubt, as the eye signs in Wernicke's state usually melt away rapidly with vitamin Bl. Other conditions of acute or subacute onset which give rise to multiple cranial nerve palsies include the acute neuropathies such as that due to porphyria, poliomyelitis and botulism, but these need only be mentioned, as usually attendant features make the diagnosis an easy matter.
Disseminated Sclerosis
In considering disseminated sclerosis, I find myself uneasily wondering how often I have erroneously made this diagnosis in patients whose symptoms are episodic and recurrent and suggest a brain-stem lesion. For, as will be seen, other conditions of an entirely different nature may mimic disseminated sclerosis very closely. Some of these are of obscure origin. A few years ago I watched 2 patients succumb to disorders which closely resembled disseminated sclerosis, but though the latter was definitely ruled out when their brains came to be examined, the nature of the condition in both cases still remains unidentified despite the most detailed histological studies.
One of the two was a young man of 33 who was admitted into the National Hospital under the care of Sir Charles Symonds. He gave a history of transient diplopia, dysarthria and weakness and numbness of the left leg two years previously, but after two months these symptoms cleared up completely. Thereafter he remained physically well up to three months before admission, although he had shown somewhat marked behaviour and personality changes. His final attack was characterized by diplopia, dysarthria, progressive ataxia and disturbances of micturition. On examination he showed marked ocular palsies and nystagmus, facial weakness, palatal paresis, cerebellar ataxia of all limbs and bilateral pyramidal signs. Routine investigations revealed little of note save for some 80 lymphocytes per cj.nm. and a mild increase of protein in the cerebrospinal fluid. His condition steadily deteriorated and he died a month later with a profound bulbar palsy. Examination of his brain showed multiple areas of softening of varying age in the medulla, pons and internal capsules. Histology of the fresher lesions showed zones of microglial and astrocytic proliferation surrounding central regions loaded with polymorphs. The near-by vessel walls were heavily infiltrated with lymphocytes but myelin sheaths were everywhere intact save in the areas of softening.
There are instances of course in which, as there is no evidence of more than one lesion, and no history of recurring episodes, disseminated sclerosis as a clinical diagnosis can hardly be justified, although subsequent histological studies show this to be the case. These are fortunately rare. But it is not unlikely that even in "typical" cases an error in diagnosis is made more frequently than we would like to think.
Angiomas and Aneurysms I would like to mention two of the vascular conditions which may involve the brain-stem, namely vascular anomalies of an angiomatous nature and aneurysms.
As regards posterior fossa angiomatous malformations it is convenient to distinguish between the large arteriovenous racemose type and the malformations of pre-capillary or capillary size which are often referred to as telangiectases. As yet relatively few of the former have been reported in the literature although now that vertebral angiography has become a comparatively simple routine procedure they are being found much more freauently. Their clinical effects are apparently of the same order as those produced by supra-tentorial angiomas; thus they may bleed into the subarachnoid space or by hemorrhage and in other ways cause temporary or permanent interference with the function of the nervous structures which they surround or in which they lie embedded.
A patient of Dr. Denis Brinton (Hierons, 1953) , shown to this Section on 6.11.52, was a woman of 26 who gave a history of recurrent facial pain for four years which, curiously enough, only troubled her during the summer months. She had also noticed transient numbness of her tongue and roof of the mouth, and once her vision had been blurred for two weeks. She denied headaches and diplopia but admitted that when younger she had often noticed a beating noise in her head. She had nystagmus, bilateral cerebellar signs, absent abdominal reflexes and a left extensor plantar response. It is not surprising, therefore, that she had been regarded as having disseminated sclerosis. However, listening to her skull gave the clue to the diagnosis, for a very loud bruit was audible in the right mastoid region. Two similarly instructive cases, one of whom had been regarded for years as having a slowly growing brain-stem glioma, have recently been mentioned by Sutton (1952) in a paper on vertebral angiography. As often as not telangiectases of the pons and medulla are symptomless during life and are only incidentally found at post-mortem examinations. Occasionally, however, they may resemble disseminated sclerosis and other brain-stem conditions though few such cases, have been described. Dr. Purdon Martin (1951) cited one, his clinical diagnosis being confirmed by autopsy, and Elkington in 1935 reported the case of a woman of 27 whose symptoms and signs suggested a lateral recess tumour. She died two weeks after an exploratory operation and it was found that heemorrhage had occurred from a telangiectatic malformation of the left half of the pons and left middle cerebellar peduncle. Others have described patients who have died rapidly from haemorrhage from these malformations. They may present in another way, as Sir Charles Symonds (1948) has pointed out, namely in those rare instances in which quite severe brain-stem symptoms and signs rapidly develop after a comparatively trivial head injury. Bergman (1950) collected four confirmed examples from the literature in which the anomaly had undoubtedly caused symptoms and signs during life, and added one of his own. He was a boy who was thought to have a pontine tumour. 2 of the others he mentioned had progressive bulbar palsies and 1 had had recurrent subarachnoid haemorrhages over many years. In 4 out of the 5 patients he cited, post-mortem examination revealed other angiomas elsewhere. A point of interest is that in several instances the small intra-pontine telangiectases were associated with much larger vascular tangles outside the brain-stem which would presumably have been demonstrable by vertebral angiography.
There appears to be more information available concerning aneurysms of the basilar and vertebral arteries and their branches. Some only betray their presence by bleeding, when either they are discovered on routine angiography or after the ensuing neurological signs have pointed to the posterior fossa as the site of the hemorrhage. One woman I saw recently had been quite well prior to her subarachnoid haemorrhage, but subsequently she developed signs of a cerebello-pontine angle lesion. Vertebral angiograms showed an aneurysm of the superior cerebellar artery on that side which Mr. Valentine Logue later removed very successfully, for she is now quite well. In other instances these aneurysms do not rupture, but by compression of near-by structures they may give rise to progressive signs which strongly suggest a tumour. I know of one patient in whom the pre-operative diagnosis of an acoustic tumour was supported by the clinical, radiological and otological findings, while even the cerebrospinal fluid showed an appropriately raised protein content. Fortunately at operation Mr. Wylie McKissock recognized it for what it was-a basilar aneurysm-and did nothing apart from taking scrapings from its wall to confirm his conclusions. In 1932 Strauss, Globus and Ginsburg described a basilar aneurysm in a boy of 17 which had caused numerous brain-stem signs including dysarthria and dysphagia. He had been thought to have encephalomyelitis. Others have described the compression effects of vertebral aneurysms and as Meadows (1951) pointed out they may simulate a tumour causing multiple unilateral cranial nerve palsies or a high cervical cord lesion. Clearly this is a field in which angiography can be very helpful.
Brain-stem Gliomas I do not wish to say much about infiltrating gliomas of the brain-stem, but it is necessary to mention them as they may be difficult to diagnose, and they may mimic some of the conditions already discussed. As Guillain, Bertrand and Gruner (1945) remark in their monograph on these tumours, their onset is often rather acute and may be accompanied by a fever. Hence they may at this stage resemble an acute brain-stem encephalitis. They also quote others to the effect that these gliomas may be mistaken for acute disseminated sclerosis, for they do not often cause a raised intracranial pressure, and among the earliest troubles to develop are cerebellar and pyramidal disorders and lateral gaze palsies. Furthermore the course they take is often intermittent rather than one of steady progress. However, the radiologist can frequently demonstrate a significant displacement of the aqueduct and fourth ventricle and thus rule out an acute demyelinating disease.
Occasionally these tumours present in a very atypical way. Dr. Meadows had in his care a few years ago a small girl whose sole trouble for eighteen months was that she had a complete left III nerve palsy which had come on suddenly. As she also had bouts of pain above the left eye and in the left temple, it was thought that she might have an intracranial aneurysm. Only in the last two months of life did she develop more typical signs and symptoms. At autopsy a nodular mass of tumour tissue was seen to have grown out from the upper and anterior aspect of the pons to surround the left oculomotor nerve.
There are, of course, many other conditions which should be considered in the differential diagnosis of brain-stem lesions but my time is up. I am afraid that I have not been able to do justice even to the few conditions I have mentioned, but I have endeavoured to indicate some of the diagnostic difficulties they may present. However knowledgeable and skilful the neurologist may be in eliciting and interpreting physical signs, he will often be unable to arrive at the correct diagnosis of these conditions without the help of others; notably the neurosurgeon, otologist, pathologist and radiologist. These problems call for yet more team work. It is true that at present little can be done for most of these conditions, but surely this will not always be so. The day will probably come, for example, when we will be able to arrest the march of disseminated sclerosis. An accurate and, above all, early diagnosis of the malady will then be essential.
The Radiological Differential Diagnosis of Lesions of the Posterior Fossa
If radiology could provide all the help that might be expected of it ideally, it would be able to resolve two questions in every case presented as a possible posterior fossa tumour. The first would be: "Is there a tumour in the posterior fossa or not?" and the second, "If there is a tumour present, what is its size, shape, position and pathological nature?" I will try and deal with some aspects of these auestions, and if time allows, touch on another closely related problem. This concerns the type of case which is sent to the radiologist as a posterior fossa tumour, but on radiological investigation proves to be a lesion elsewhere, often of the mid-brain. Such cases come within the realms of this discussion, for without careful radiology the posterior fossa may be unnecessarily opened.
With regard to the first question, by the time clinical symptoms develop we nearly always can demonstrate a posterior fossa tumour. The sylvian aqueduct and fourth ventricle are very sensitive indicators and in the very great majority of cases show some displacement or deformity after the advent of symptoms. It is at once apparent that one's faith in some form of contrast filling of the ventricular system for tumour localization is great. But this faith is limited when one comes to answer the second question. Although the position of the tumour can usually be indicated fairly exactly, no accurate forecast of its size, shape or pathological nature is possible in very many cases. These limitations appear to be inherent in ventriculography in general, except in some of the relatively rare intraventricular tumours and a few others.
But the various methods of outlining the ventricular system-pneumo-ventriculography, positive contrast ventriculography and pneumo-encephalography-are only a part of neuroradiology and we must synthesize with them the other investigations of plain X-rays, tomography and angiography.
It might be hoped, indeed it was hoped, when percutaneous vertebral angiography became a practicable procedure four or five years ago, that it would provide the required additional information. Ventriculography would usually show where the tumour lay, but angiography might indicate its size, shape and pathology. However, Radner's monograph (1951) on 221 vertebral angiographies, which included 40 posterior fossa tumours, showed that angiography was infinitely less reliable than ventriculography in demonstrating the presence of a tumour, and in only 8 cases was the tumour outlined by its vessels (Table I ). Our experiences have confirmed this. The dramatic picttire obtained in one case is unfortunately very exceptional. bellar haemangioblastoma in each case. Vertebral angiography was performed in both cases, but in neither case could a definite tumour be seen. Subsequent ventriculography located the tumour in both the patients.
It is hardly surprising that angiography is so disappointing when one considers that the largest arteries supplying the posterior fossa structures are the anterior superior cerebellar pair. If one adds to this the petrous bones which superimpose themselves so densely, the picture is considerably obscured.
None the less angiography has a small, but limited, use in the posterior fossa, particularly in the diagnosis of aneurysms on the vertebral and basilar arteries and of posterior fossa angiomas, provided they are of sufficient size. The following case is an example. Case II. A woman aged 50 collapsed in the street. Subarachnoid hmmorrhage was suspected and was confirmed by lumbar puncture. Bilateral carotid angiography failed to reveal any source of hmmorrhage, so vertebral angiography was performed and revealed a small angioma in the mid-line apparently on or near the surface of the aDex of the cerebellum (Fig. 3) . Ventriculography showed a very small filling defect in the roof of the fourth ventricle which was thought to be caused by a small haematoma. There was no hydrocephalus (Fig. 4) . 3A and B (Case 11, 12.11.52 ).-Small mid-line angioma. B Mr. V. 'Logue removed a small angioma and a blood clot the size of a walnut. Post-operative vertebral angiography showed a normal vascular pattern. The anterior superior cerebellar arteries were considerably smaller than at the first arteriogram (Fig. 5 ). Larger angiomas are proportionately more easily demonstrated. Plain X-rays Let us now consider the value of plain X-rays. Here again the results are for the most partdisappointing, but never should plain X-rays be omitted from the general preliminary examination-I must stress this because one has heard it said that the diagnosis of acoustic neuroma, forexample, is sometimes so obvious clinically that plain X-rays are redundant. Such a teaching is_ most dangerous and sooner or later leads to an error in diagnosis. Other tumours even in the middle fossa, such as V nerve tumours, can simulate acousticneuromas. Such a misdiagnosis. will lead to a wrong surgical incision.
How then can plain X-rays help? They may show signs of pressure, as evidenced by sellardecalcification and later erosion, but the pressure. may be prodluced by, a lesion anywhere in thebrain. Increase in the size of the posterior fossa is practically never observed. Very occasionally, unilateral thinning and bulging of the infratentorial part of the squamous occipital bone is seen in the tumours of one cerebellar hemisphere. Calcification in posterior fossa tumours is exceed-ingly rare. Lysholm (1941) described calcification in 2 cases of meningioma of the cerebello-pontine angle, but these are very rare tumours and those few that I have seen have not been-,Ohcalcified. Although it is said that large occipital emissary veins are seen in association with posterior fossa tumours, I have never been convinced of the value of this sign, and it certainly does not assist in differential diagnosis. Dermoids growing from the region of the torcular are rare. Sometimes they cause a furrow in the bone. When this sign is present it is pathognomonic. Recently Logue and Till (1952) described the features of these tumours very clearly.
Apart from rarities there is only one tumour of the posterior fossa in which the plain X-rays are helpful in differential diagnosis-the acoustic neuroma. Since this tumour represents about one-third of all posterior fossa tumours, plain X-rays are important.
In the literature very widely varying opinions are given regarding their value in the diagnosis of VIII nerve tumours. Lassila (1937) , one of Lysholm's assistants, described how 91% of 43 acoustic tumours confirmed by Olivecrona could be diagnosed on the plain X-rays. A recent monograph by Lundborg (1952) from the same hospital analysing 300 of Olivecrona's acoustic neuromas is more conservative. Lundborg states that plain X-rays were definitely positive in 63-2% of cases, and another 21-6%, he says, showed changes "which the roentgenologist believed worthy of notice, but which could not be considered clearly pathognomonic." The combined figure of certainties and suspicious cases in thus 84-80%. Recently I analysed the radiological findings of 50 confirmed acoustic neuromas and found that in 38 cases (76 %) the internal auditory meatus was widened. Erosion of the petrous apex was detectable in 12 of these cases, but there was never erosion of the apex when the meatus was intact.
Plain X-rays will never be able to give the key to the diagnosis of all acoustic tumours for some are so centrally situated that they do not erode the meatus and a few others are too small to widen the meatus.
In examining the meatus and apex it is most important to take multiple projections. We always take half axial (Towne), full axial, per-orbital and Lysholm's modification of Stenvers' projection. The widening of the meatus is sometimes seen on one only of the projections.
These projections are also very useful in the differential diagnosis of lesions of the petrous apex. Such lesions are rare and many are extradural, and so perhaps more in the sphere of the neuro-otologist or radiotherapist than of the neurosurgeon.
Tomography
This procedure has not been found helpful in demonstrating posterior fossa lesions, except perhaps in indicating basilar impression more clearly.
Pneumoencephalography and Positive Contrast Ventriculography Since most cases of posterior fossa tumour present with signs of pressure we usually employ ventriculography, though I personally feel that controlled encephalography should be used rather more. This method is even more necessary for the filling of the aqueduct and fourth ventricle with air when hydrocephalus is absent.
One has heard it stated by some experienced in this field that hydrocephalus is necessary for the diagnosis of posterior fossa tumours. This is not true. Furthermore, hydrocephalus is not necessarily indicative of a posterior fossa tumour. The tumour may lie anywhere from the foramen of Monro downwards. There are, of course, other causes of hydrocephalus besides tumour.
As illustrative examples one may quote the 50 cases of acoustic tumour already mentioned. Hydrocephalus was present in only 27 (54%). If the meatus is normal and hydrocephalus is absent the diagnosis may be very difficult and sometimes impossible radiologically. Often the only sign is rotation of the fourth ventricle. I have described this sign more fully elsewhere (1950) .
We have no experience of pneumography of the cerebello-pontine angle cisterns in such tumours, a technique elaborated by Robertson (1946) of Melbourne and since then by Lindgren (1950) of Stockholm.
As already mentioned, the aqueduct and fourth ventricle are very sensitive structures and are displaced by nearly all posterior fossa tumours. For example, tumours of the hemispheres kink the aqueduct forwards and displace it and the fourth ventricle laterally. Superior vermis tumours kink the aqueduct forwards, but do not displace it or the aqueduct laterally. There is not time to discuss all the classical deformities produced by tumours in various sites.
I would like to refute the common notion that posterior fossa tumours obstruct the aqueduct.
Such a happening is very, very rare. If it were the rule, one could seldom localize posterior fossa tumours radiologically. The various deformities of the aqueduct and fourth ventricle produced by posterior fossa tumaurs were worked out very beautifully nearly two decades ago independently by Lysholm (1935) of Stockholm and Twining (1939) of Manchester. Their findings have shown us, in my opinion, that in general it is easier to localize infratentorial tumours than those lying supratentorially. One must remember that the aqueduct and fourth ventricle are there to be filled with air, difficult though it may sometimes be, and it can require two or even three attempts at manipulation before success is achieved.
Accurate localization for the surgeon is very important. This applies particularly to tumours not in the mid-line. In such cases only a unilateral incision need be made, thus shortening the operation and causing less trauma (Bull, 1953) . Furthermore the surgeon can approach the tumour immediately without searching. This factor may save much operating time.
Tumours of the posterior fossa without hydrocephalus can be very difficult to demonstrate. Pontine tumours seldom show hydrocephalus, many in the angle do not, but those lying behind the axis of the aqueduct and fourth ventricle usually do.
Case III.-A girl aged 10 (A. K.), with only a month's history suggesting a left cerebellar tumour, had a normal-sized ventricular system with no displacement of the aqueduct or fourth ventricle. Her oondition deteriorated and we repeated the air studies a fortnight later by which time a considerable -hydrocephalus had developed and a left oerebellar tumour was easily shown. It was an ependymoma.
Case IV.-An even more difficult case was a man aged 32 (E. H.) who, briefly, had a fourweek history of headache. The only abnormal physical sign was bilateral papilloedema. Ventriculography showed a normal ventricular system. A diagnosis of toxic hydrocephalus was made. His. eyesight became very impaired and about seven weeks later the ventriculogram was repeated, this time with Myodil ( Fig. 6A and B ). Again it was normal. A subtemporal deoompression was performed to save the patient's sight. He returned to work for two or three months and then deteriorated. His other temple was immediately decompressed. Shortly after this 'he was seen by Mr. Harold Edwards who found signs of cerebellar. inco-ordination and was convinced that the man had a cerebellar tumour.
He was readmitted, a pitiful sight with both temples bulging girossly. There was still no hydrocephalus, but Myodil ventriculography showed the aqueduct kinked forward indicating a superior vernis tumour ( Fig. 7A and B ). Exploration revealed a very, very high vernis tumour which was partially removed. The patient succumbed. At autopsy the tumour was found to be an astrocytoma. One could show many cases with posterior fossa tumours and absent hydrocephalus. One further example will suffice. It also illustrates the value and simplicity of the use of a small quantity of Myodil (Pantopaque) for the absolute confirmation of the diagnosis (Bull, 1950) . Case V.-J. M., a girl aged 18, gave a three-week history of headache and unsteadiness on her legs. She 'had also vomited several times. On examination, bilateral papilleedema and some unsteadiness of gait were detected. When admitted to hospital she had also developed some weakness involving the left VI and VII cranial nerves.
Air ventriculography showed a n-ormal-sized ventricular sys-tem and a trace of air in the fourth ventricle showed this structure lying to the right of t-he mid-line ( Fig 8A) . In lateral view (Fig. 8B ) the aqueduct. ap-peared to be kinked sligh'tly forwards. These findings were easily and quickly confirmed absolutely by the introduction of 2 c.c. of Myodil (Fig. 8c and D) . Mid-brain Tumours
Although it is still often assumed that a suspected case of tumour showing hydrocephalus at -ventriculography has a posterior fossa tumour, the mid-brain must always be considered as a _possible site.
Such mistakes should not be made if the radiology is carefully undertaken. Hydrocephalus can be caused by space-occupying lesions situated anywhere from the foramina of Monro backwards -and downwards. Fig. 9 illustrates the more common lesions which may obstruct some part of the third ventricle and so produce hydrocephalus. Often the clinical features of the case localize the lesion accurately, but by no means sufficiently consistently to eliminate negative posterior fossa explorations.
"Pineal" Tumours
When ventriculography demonstrates a mass in the region of the pineal gland the question arises whether a tumour or arachnoid cyst is present. The differential diagnosis is most important since a tumour is very difficult to remove and carries a high mortality. On the other hand an arachnoid cyst is quite benign and can be aspirated. Radner (1951) found pathological vessels on vertebral angiography in 8 out of 11 tumours in the pineal region. Histological confirmation was obtained in only 2. Both were malignant gliomas.
When such a case fails to show pathological vessels it would seem reasonable to-recommend surgical exploration with the hope that a cyst might be found.
Conclusions
Ventriculography is very reliable in localizing posterior fossa tumours. It may have to be augmented by Myodil ventriculography, particularly if the third ventricle is not dilated, and so makes manipulation of air through into the aqueduct and fourth ventricle difficult.
Often, however, lumbar encephalography might be used after air ventriculography and before Myodil. Only a few c.c. of air are necessary to outline the fourth ventricle and aqueduct.
If localization of a tumour, which appears to be removable surgically, is achieved then further radiology is meddlesome. If, however, the lesion appears to be inoperable from its position, but more knowledge of the pathology is needed for prognosis, then vertebral angiography should be considered. If the ventricular system appears to be normal and yet clinically the patient is thought to have a lesion in the posterior fossa, again vertebral angiography should be considered.
Finally if radiology fails and the clinical evidence is strongly in favour of a tumour, exploration is probably indicated.
Mr. Wylie McKissock: Much additional information regarding the extent and situation of a tumour can be obtained from ventriculograms and such information is of the greatest value to the surgeon in planning his operation.
I am in the habit of performing some 60 or 70 posterior fossa operations for tumour, or other space-occupying lesion, each year. In all cases, irrespective of the localizing value of clinical signs or straight X-ray changes, a ventriculogram is performed. Usually air suffices to give accurate localization of the lesion but, where it does not, then Myodil ventriculography is resorted to. Myodil, I may say, produces no immediate reaction or late sequelk when injected into the ventricular system. The result of ventriculography, whether with air or Myodil, has been to give such accuracy of localization as to render the use of the full cerebellar exposure unnecessary except on two or three occasions each year. In 96% of cases, therefore, a unilateral or mid-line incision only is made with saving of time and energy to the surgeon and his team and of discomfort to the patient. Convalescence from a mid-line or unilateral cerebellar incision is far less painful for the patient than a full curved cerebellar incision.
Whilst clinical localization of the acoustic neuroma is moderately accurate and straight radiography provides positive confirmation in a high proportion of cases, ventriculography still provides further evidence as to the size of the lesion and its main direction of growth, whether mainly lateral, or extending in front of the brain or passing upwards through the tentorial hiatus.
The real aim, however, when dealing with acoustic neuromata is to make the diagnosis and remove the tumour before there is any radiological evidence of its existence. Twice in my experience has it been possible to do this. The patients were suspected by Dr. Frank Elliott, on clinical grounds alone, to be harbouring such tumours and showed only involvement of the VIII nerve. Straight X-rays of the skull and ventriculography were entirely normal but the tests employed by Dr. C. S. Hallpike confirmed the clinical suspicion of acoustic neuroma. In each case exploratory craniotomy revealed a very small neuroma which was excised, with preservation of function of the VII and also of the VIII nerves.
Valuable, therefore, as is the aid which Dr. Bull can give us in the localization of tumours of the posterior fossa, I look forward to the day when radiology will have no part to play in the early diagnosis of tumours of the VIII nerve: the time at which they can be excised completely, in almost perfect safety and with the knowledge that the function of the VII nerve may certainly be preserved.
Dr. F. A. Elliott: Dr. Hamilton Paterson's reluctance to ascribe posterior fossa symptoms to a hypothetical "encephalitis" deserves praise, for-if we exclude the mid-brain lesions of Wernicke's encephalopathy, of polio-encephalitis, and of encephalitis lethargica-a diagnosis of "metencephalitis" is seldom justified by post-mortem examination. To quote an illustrative case: a rather fat girl of 19 fell ill with a high temperature, extreme sinus tachycardia, tachypnoea, and rapidly advancing unconsciousness. The pupils were large, fixed, and equal, and before consciousness was lost there was paralysis of upward conjugate movement of the eyes. The upper limbs were held in extension and internal rotation, and the legs were extended, with extensor plantars. The spinal fluid was normal, as was a ventriculogram. Seemingly moribund she yet made a complete recovery in three weeks and returned to work for a year. She then had another attack, similar in all respects to the first, with features which again pointed to disturbance in the mid-brain and posterior end of the hypothalamus. This time she died, and was found to have a saccular aneurysm indenting the quadrigeminal plate in the mid-line-the sole pathological feature. Anyone seeing the girl in her first attack, and not knowing the sequel, would surely have carried away one of those dangerous "clinical impressions," viz. that here was a true encephalitis of the mid-brain.
Mr. Leslie C. Oliver: The use of Myodil in the diagnosis of tumours in the posterior fossa has considerably simplified operative technique; now it is always possible to make quick mid-line or lateral exposures instead of the time-consuming one through the curved transverse incision.
Dr. G. Pampiglione: A few points about electroencephalographic studies may be mentioned in connexion with Sir Geoffrey Jefferson's paper.
Posterior fossa lesions cannot be confidently localized by means of EEG in spite of occasional favourable reports in the literature. In fact, mid-line lesions do not show reliable differences in the EEG whether above or below the tentorium. Non-mid-line posterior fossa lesions either do not alter the EEG at all or give rise to generalized EEG changes that may not always be bilaterally synchronous.
From the work of the Fischgold team and particularly from the material I had the opportunity of studying at Queen Square from 1948 to 1951 it appears that a normal EEG in a patient with marked papillcedema is in favour of a posterior fossa tumour. The great majority of VIII nerve tumours do not alter the EEG, nor does any change appear a few weeks after a cerebellar vascular lesion or in small secondary deposits. In large tumours of the posterior fossa when the EEG is abnormal the brain-stem is involved or distorted; slow waves usually fairly regular and rhythmic appear symmetrically over the cerebral hemispheres. Sharp waves, spikes, or abnormal complexes are not seen.
The most important contribution of EEG studies is therefore in doubtful cases. In just over 10% of some 260 cases (from over 8,000 referred to the EEG Dept. at the National Hospital until 1951), in which a posterior fossa lesion was considered in the differential diagnosis, a unilateral EEG abnormality was found in the form of irregular slow waves or focal sharp waves. In this latter group operation or post-mortem revealed a unilateral supratentorial lesion usually alone, seldom in addition to some posterior fossa lesion.
With these observations in mind it appears that a lateralized EEG abnormality, particularly when the waves are irregular or sharp and focal, casts reasonable doubt on the presence of a posterior fossa lesion and may suggest a reconsideration of the patient's history and clinical signs, or the possibility of multiple lesions.
Mr. R. T. Johnson: Differential Diagnosis of Posterior Fossa Meningiomnas.-It is clear from our material (30 cases) and from Cushing's 23 cases (1938) that the first, and perhaps the greatest, difficulty is to recognize the presence of tumour at all, for in these two series original diagnoses included disseminated sclerosis (in 3 cases), syringomyelia, brachial neuritis, cervical neurofibroma, pontine glioma (in 2 cases), glioma of the corpus callosum, cerebral atrophy, encephalitis lethargica, trigeminal neuralgia (in 2 cases), and Meni6re's disease. Meningiomas have been classified according to their site of origin, and although in the larger tumours this may not be possible to determine with any degree of accuracy the site of origin does bear some relationship to their mode of presentation, and I have divided them into four groups (Fig. 1 ). Group 1. Lateral recess.-There would seem to be no doubt that the commonest site of origin is the dura of the sigmoid and petrosal sinuses. From this point, tumour may grow medially over the convexity dura and indent the cerebellar hemisphere or down in the direction of the pons and cranial nerves or may grow up into,the middle fossa between the free edge of the tentorium and the midbrain, through Meckel's cave, or by breaking through the tentorium more laterally.
Group 3. Trans-tentorial.-These may arise on either side the tentorium and extend through it to a varying degree. Group 2. Basilar groove.-The superiorly placed tumours form the clivus meningiomas, and the inferiorly placed -the meningiomas of the foramen magnum; either may extend into the lateral recess and produce signs of a cerebello-pontine tumour. The upper group are usually mistaken for gliomas of the pons because the deep indentation of the brain-stem produces signs suggestive of a destructive process. In fact the raised iter and fourth ventricle seen in a ventriculogram may be indistinguishable from the appearances produced by a pontine glioma, and even at exploration the elevated floor of the fourth ventricle supports the diagnosis of an intrinsic tumour. Th-is particular difficulty encouraged us to seek ibetter means of differentiation and although some success has been obtained, accurate diagnosis will not have great importance until advances in technique render clivus meningiomas more amenable to surgery. The lower group present as spinal tumours, syringo-bulbia, disseminated sclerosis, brachial neuritis and will be diagnosed at exploration or by myelography. Group 4. Intra-petrous.-These cause destruction of the petrous bone and multiple cranial nerve palsies, especially of the VII, VIII, IX, X, XI and XII nerves. The first symptom is usually a facial palsy, the history is long, and some have had vascular polypi in the ear. There is some question as to the nature of this group of tumours, for there is no doubt that glomus jugulare tumours, angioblastic meningiomas and angio-endothelicmas are diagnoses variously applied to tumours having a common symptomatology and similar histological features. Diagnosis presents no difficulty for plain X-rays show gross petrous destruction. It shoulsd be pointed out that 2 of the 3 cases described as cdivus meningiomas by Campbell and Whitfield (1948) would be regarded by us as coming within this category for they showed gross petrous destruction. As these tumours in their forward extension involve the basisphenoid eventually they do lie anterior to the pons although the greater bulk of the tumour is extradural and the layout is very dissimilar to that illustrated by Cushing as typical of tulmours of the basilar groove. The tumours of the lateral recess and of the tentorium will be considered, in a little more detail. Group 1. Lateral recess.-Some of the meningiomas grow medially and soon encroach upon the cranial nerves which they involve in a less regular manner than do the acoustic neuromas. The V nerve was involved in half the cases and most commonly the second division (a depressed corneal is probably of no localizing value; so frequently was it bilateral). True trigeminal neuralgia, however, only occurred in 2 cases, both were second division and 1 varied according to the patient's posture.
In 2 other cases there was a neuralgic pain in the face on coughing, and in a further case there was a sudden onset of numbness in the left upper canine tooth which later spread to involve the whole face. The second division of the V nerve was involved most commonly and after that the upper half of the face, that is the whole of the first division and the upper part of the second. Paralysis of the VI nerve proved to be a true and not a false localizing sign in every case and indicated a clivus meningioma or an extension of a recess meningioma under the pons; it was from the surgical viewpoint a grave omen. Slight paresis of the VI nerve occurred in only 2 other cases: in 1 of these there was an extension of meningioma through the tentorial hiatus and in the other a large trans-tentorial meningioma. The VII nerves were involved rather more commonly than VIII, but the involvement was mostly slight and it is of interest that at operation the VII and VIII nerves are, characteristically, unseparated and will be seen curving round the posterior aspect of the tumour. Small meningiomas may occur at the porus producing vertigo and deafness as the only symptoms and one such case was discovered at operation to divide the VIII nerve for typical Meniere's disease.
Other meningiomas do not involve the cranial nerves and may grow silently, burrowing into the cerebellar hemisphere until they are of a very considerable size, ataxia neither being very prominent, nor very early in onset. The reason for this may be that these tumnours tend to grow behind or in front of the cerebellar hemisphere, or if they extend medially they do so by irregular feathery or flattened processes which push behind or in front of the pons. The indentation and angulation of the pons so characteristic of the more globular encapsulated acoustic neuroma and the cause of the severe disability is rarely produced by a meningioma. Group 3. Trans-tentorial.-These tumours lying in the No Man's Land between the cerebrum and oerebellum have proved to be the most difficult of all to diagnose. If there were a clinical syndrome it would be a slowly progressive hemiparesis, perhaps associated with epileptic attacks but accompanied by slight bilateral ataxia, so that the dis-~4~~a bility is always greater than -one woulId expect from the physical signs. Nystagmnus has not been present in all our cases and |~2Z . | ipapilledema has developed extremely late.
In some -of the cases the V nerve was <4 i ; , _ involved. L.P. -pressure and the C.S.F. may be normal and ventricular studies may be surprisingly noremal even when the tumour is of considerable size. One -of our cases had a noaral encephalogram but as one year later the hemiparesis wa-s m-ore marked the air encephalog-ram was repeated, but no air entered the ventricular inferioris en system: four hoours later she suddenly died and at post-mnortem there was an enormous tumour of the tentorium. In fact, where there is a possibility of a tentorial meningieoma a failed encephalogram should be regard(ed with extreme suspicion, the ventricle tapped and ventricular studies tumour 1eei uwdmade, preferably by the introduction of Myodil. The slight reacti-on Myodil -4,~~~s ometimes causes does not worsen the patient's conditiuon; Myodil is not dangerous in cases of high pressure in contradistinction to air, and cahreful observation -of the shadow as it moves through the ventricular narrows *may reveal multiple lesions and minutiae of pathology which might well, be  FIG. 2. -Tentorial meningioma Myodil ventriculogram. missed by air studies. The signs -of a large The iter (arrow) is kinked naFrrowed and elongated; the tentorial meningioma are elevation of the inferior hor is elevated, narrowed and partially obstructed inferiorlhorn (Ruggiero and Vastellano, causing expansion of the tip (dotted). 1952), obstruction of its temporal tip, and not only kinking and narr-owing of the iter, but elonga-ti-on as the tum-our separates the cerebrum from the cerebellum (Fig. 2) .
In conclusion a knowledge of the possibilities will enable meningiomas to be suspecte-d in patients presenting in a variety of ways mn which mental changes may be striking and yet ataxia and nystagmus not marked. 'Plain X-rays may show: (1). Calcification in the tum-our, (2) Petrous erosion and (3) Occipital en-dostosis.
The C.S.F. protein may be raised and in our 30 cases averaged 60-85 mg. %. The limits, however, were 35-400 mg. %. The EEG may show an occi-pital focus and lead to a suspicion that a cerebellar tumour is extending upwards. Air encephalography may be dangerous and the displacement of cisterna ambiens (Robertson, 1946 ) may be very slight and give little indication of the enormous size of the tum-our; Myodil studies are m-ore helpful. Angi-ography would doubtless have been diagnostic in some cases alth-ough pre-operative diagnoses were such that other investigations were done in -preference.
By using modern methods of anaesthesia, the sitting posture, or chemical hypotension as circumstances direct, and doing a combined operation by dividing the lateral sinus, completely dividing the tentorium and displacing the occipital lobe upwards and the cerebellum medially, it is 'possible to rem-ove surgically some -of these tumours which otherwise have such a b-ad prognosis.
